The effect of calcitonin (CT) on gluconeogenesis was studied in fasted rats. The subcutaneous administration of CT (80MRCmU/100g BW) produced a significaut increase in serum glucose concentration and a corresponding decrease in serum lactic acid, free fatty acid and alanine concentrations.
It is well known that calcitonin (CT) has a hypocalcemic effect (Hirsch et al., 1963) . Recently it has been shown that CT may have an effect on carbohydrate metabolism in mammals.
CT inhibits glucose uptake stimulated by insulin in diaphragm muscle of rats, and that the effect of CT is not mediated by hypocalcemia (Gozarin and Florescu, 1973 and 1974) . On the other hand, we have found that CT increases glucose concentration in the serum of fed and fasted rats (Yamaguchi and Yamamoto, 1977) . This effect of CT is not dependent on the releases of epinephrine from the adrenal glands (Yamaguchi, 1980) and glucagon from the pancreas (Yamaguchi, 1981) . Thus, CT may have a stimulatory effect on glucose formation in rats. The present study was therefore undertaken to investigate the (Hyvarimen and Nikkila, 1962) . The quantitative determination of lactic acid in the serum was enzymatically determined by the method of Henry (1968) . Free fatty acid in the serum was determined by the method of Duncombe (1964) . The content of L-alanine in the serum was measured with alanine dehydrogenase (Pierard and Wiame, 1960) .
Statistical Methods
The significance of the difference between the values was estimated by Student's t-test. P values less than 0.05 were considered to indicate a statistically significant difference.
Results
The changes in glucose, lactic acid, free fatty acid and alanine concentration in the serum after the administration of CT (80 MRCmU/100g BW) in rats fasted for 17 hr are shown in Fig. 1 . As early as 15min after CT administration, there was a significant increase in serum glucose. The serum glucose concentration continued to increase, reaching a maximum at 60min after the hormone administration.
On the other hand, the concentrations of lactic acid, free fatty acid and alanine in the serum were slightly decreased but not significantly at 15min after CT administration. However, these levels were significantly lowered 60 and 90min after CT administration.
The effect of increasing doses of CT on glucose, lactic acid, free fatty acid and alanine concentration in the serum are shown in Fig. 2 . The animals were bled 60min after CT administration. The hormone significantly increased the serum glucose even at the lowest dose of 20 IVIRC mU/ 100g BW, and there were corresponding falls in the amount of lactic acid, free fatty acid and alanine in the serum. With higher doses, the effect of 80MRCmU/100 g BW of CT on above serum compositions was much the same as those of 20 and 40 MRC mU/100g BW, except in lactic acid.
The time course of the effect of CT (80 MRC mU/10 g BW) on glucose synthesis from alanine (100 mg/100g BW) in rats fasted for 17hr is shown in Fig. 3 . The administration of alanine produced a progressive increase in serum glucose. This increase was significant at 30min after alanine administration.
When CT was immediately administered after alanine injection, the serum glucose concentration enhanced rapidly and reached the maximum after 60min. Thus, CT markedly stimulated glucose synthesis from alanine in fasted rats.
The effect of increasing doses of CT on glucose synthesis from alanine in rats fasted for 17hr is shown in Fig. 4 . The hormone significantly increased glucose synthesis from alaine even at the lowest dose (20 MRCmU/100g BW). With higher doses, the effect was slightly greater, but the effect of 80mU/100g BW of CT was not significantly greater than that of 40MRC mU/100g BW.
The effect of CT (80MRCmU/100g BW) on glucose synthesis from various substrates (100mg/100g BW) in rats fasted for 17hr is shown in Table 1 serum glucose  concentration was significantly increased by  the administrations of alanine, serine, lactate, oxalacetate, pyruvate, and a-ketoglutarate. With all substrates, except serine and oxalacetate, CT significantly enhanced glucose synthesis from substrates.
Discussion
It has been shown that calcitonin (CT) increases glucose concentration in the serum of fed and fasted rats (Yamaguchi and Yamamoto, 1977 (Yamaguchi and Yamamoto, 1977) . These effects of CT are not dependent on the releases of epinephrine from the adrenal glands (Yamaguchi, 1980) and glucagon from the pancreas (Yamaguchi, 1981) in rats. Thus, CT may have a stimulatory effect on glucose production in rats.
The effect of CT on the formation of glucose was investigated in rats fasted for 17 hr. The administration of CT (80 MRC mU/100 g BW) produced a significant increase in glucose concentration in the serum and a corresponding decrease in lactic acid, free fatty acid and alanine concentrations in the serum of fasted rats. However, a significant increase in the serum glucose level caused by CT administration preceded a significant decrease in serum lactic acid, Endocrinol.
Japon. FebruaryFig. 4 . Effect of increasing amounts of calcitonin (CT) on the glucose synthesis from alanine in fasted rats. The rats were fasted for 17 hr, and they received a single subcutaneous administration of CT immediately after a single intraperitoneal injection of alanine (100 mg /100 g BW). The rats were bled 60 min after the administration of CT. Each point represents the mean for 5 animals.
Vertical lines represent the SE. *; P <0.01 as compared with the control injection group.
free fatty acid and alanine concentrations. Thus, the augmentation of serum glucose by CT may induce the reduction of lactic acid, free fatty acid and alanine concentrations in the serum. The lowest dose of CT which produces an appreciable effect on serum glucose was approximately 20 MRC mU/100 g BW. It is likely that smaller amounts of hormone are effective in eliciting a physiologically important glucose formation.
Furthermore, the effect of CT on glucose synthesis from alanine was investigated in fasted rats. The administration of alanine (100 mg/100 g BW) caused a progressive increase in serum glucose. This increase was markedly enhanced by CT administration.
These results indicate that CT stimulated glucose synthesis from alanine in fasted rats. The stimulatory effect of CT on glucose synthesis was observed at a dose of 20 MRC mU/100 g BW of CT, suggesting that CT may play a physiological role in gluconeogenesis.
Also, CT could significantly stimulate glucose synthesis from lactate, pyruvate and a-ketoglutarate in fasted rats but not from serine and oxalacetate.
Lactate is metabolized pyruvic acid in the cytosol of liver cells. Pyruvate and a-ketoglutarate enter into the mitochondria, while oxalacetate does not enter. (Claus et al., 1975) . Meanwhile, glucose synthesis from serine is mainly based on the pathway in which serine is metabolized 2-phosphoglycerate in the cytosol of liver cells (Williamson and Elligton, 1975 (Kimmich and Rasmussen, 1969) . CT increases the calcium concentration in the liver of rats (Yamaguchi et al., 1975) . Accordingly, it is assumed that gluconeogenesis stimulated by CT results from an increase in calcium concentration in the mitochondria of liver cells. However, the mechanism by which CT stimulates gluconeogenesis in the liver remains to be elucidated.
In the present investigation, it has been found that CT stimulates gluconeogenesis in fasted rats. The stimulatory effect of CT on gluconeogenesis may be an important action as a physiological role of the hormone in mammals.
